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The present invention relates to novel therapeutic conjugates and their use in 
targeting therapeutic substances, in particular nucleic acids, to the central nervous system. 
5 Large molecules introduced into the body systemically or into peripheral tissues 

are not transported into the nervous system in therapeutically significant amounts as they 
are unable to cross the so-called Wood brain barrier 1 . Hence the direct therapeutic 
application of large molecules such as nucleic acids is currently not feasible. 

Some neurotoxins have specific properties that allow them to invade the 
1 0 vertebrate nervous system. They bind specifically to the surface of neurons, which are the 
primary cellular elements of the nervous system. The neurotoxin is internalised, and 
retrogradely transported by those neurons to the neuronal cell body. The neurotoxin may 
also be transported transneuronally to second order neurons in the nervous system. In 
some cases it has been shown that the properties which allow transport of the neurotoxin 
1 5 are conferred by a particular fragment of the toxin. Examples of such toxins are 

clostridial neurotoxins such as those from Tetanus and Botulinum, and snake toxins such 
as crotoxin and dendrotoxin, from the rattlesnake and mamba snake respectively. 

The transport properties of neurotoxins have been utilized to target proteins to the 
nervous system, by conjugating or otherwise linking the toxin or toxin fragment to such 
20 molecules, for example the enzyme horse radish peroxidase (HRP) (PS Fishmanet ah, J. 
Neurol. Sci., 1 990, 98: 3 1 1-325), and wheat germ agglutinin. 

In one aspect the present invention relates to the use of neurotoxins to transport 
therapeutically active nucleic acids across the blood brain barrier into the nervous system. 

In a further aspect the present invention provides a novel conjugate comprising a 
25 neurotoxin or a fragment thereof and a nucleic acid. The conjugate of the invention may 
also be referred to herein as the compound of the invention. 

The neurotoxins employed in the present invention may be any suitable 
neurotoxin which has the ability to cross the blood-brain barrier. Thus for example the 
neurotoxin may be derived from bacteria, such as Tetanus or Botulinum toxin; or from 
30 snakes, such as crotoxin or dendrotoxin; or it may be a fragment of such toxins. A 
neurotoxin fragment can be prepared by methods well known in the protein art, for 
example by proteolytic cleavage or by genetic engineering strategies. Said fragment is 
preferably a non-toxic binding fragment. 

The nucleic acids may be single or double stranded DNA or RN A molecules, 
35 either circular or linear in form, encoding either whole genes, cDNAs, non-coding 

sequence, genetic control regions, or antisense constructs. The nucleic acid preferably 
exerts a therapeutic effect. 



WO 97/205 W W PCT/EP96/0S477 

The conjugation may be chemical in nature using chemical linkers such as poly- 
lysine, or covalent linkers. Other protein, nucleic acid, or other molecular components 
may also be part of the total conjugate, so as to endow the conjugate with other properties. 
For example, other components such as haemoglutinin might be included that aid trasport 
5 from the lysosomal compartment, or nuclear localisation sequences might aid transport 
into the nucleus. Conjugates according to the present invention may be prepared by 
conventional methods known in the art. 

Such conjugates may be introduced into either the somatic (i.e. non-neural) or 
neural tissue of patients using methods known in the art, typically by hypodermic 
1 0 injection. By the specific binding, internalisation, and retrograde transport of the 
conjugate into the nervous system, the conjugate will exert a therapeutic effect. 

The invention therefore further provides a pharmaceutical composition comprising 
a conjugate of the invention and a pharmaceutical ly acceptable carrier. 

In use the conjugate will normally be employed in the form of a pharmaceutical 
1 5 composition in association with a human pharmaceutical carrier, diluent and/or «xcipient, 
although the exact form of the composition will depend on the mode of administration. 
The conjugate may, for example, be employed in the form of an aerosol or nebulisable 
solution for inhalation or a sterile solution for parenteral administration, intra-articular 
administration or intra-cranial administration. 
20 The dosage ranges for administration of the compounds of the present invention 

are those to produce the desired therapeutic effect. It will be appreciated that the dosage 
range required depends on the choice of nucleic acid, the precise nature of the conjugate, the 
route of administration, the nature of the formulation, the age of the patient, the nature, 
extent or severity of the patient's condition, contraindications, if any. and the judgment of 
25 the attending physician. Suitable daily dosages are in the range 0.0 1 - 1 Omg/kg. eg 0.0 1 - 
5mg/kg, more particularly 0.02-1.5mg/kg, eg 0.04- 1.5mg/kg. The unit dosage can vary 
from less than lmg to 300mg, but typically will be in the region of 1 to lOOmg eg 1 to 50 
mg per dose, which may be administered in one or more doses, such as one to six doses 
per day, Wide variations in the required dosage, however, are to be expected in view of the 
30 variety of nucleic acids available and the differing efficiencies of various routes of 
administration. For example, oral administration would be expected to require higher 
dosages than administration by intravenous injection. Variations in these dosage levels can 
be adjusted using standard empirical routines for optimization, as is well understood in the 
art. 

35 Compositions suitable for injection may be in the form of solutions, suspensions 

or emulsions, or dry powders which are dissolved or suspended in a suitable vehicle prior 
to use. 
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Fluid unit dosage forms are prepared utilising the compound and a pyregen»free 
sterile vehicle. The compound, depending on the vehicle and concentration used, can be 
either dissolved or suspended in the vehicle. Solutions may be used for all forms of 
parenteral administration, and are particularly used for intravenous infection. In preparing 
5 solutions the compound can be dissolved in the vehicle, the solution being made isotonic 
if necessary by addition of sodium chloride and sterilised by filtration through a sterile 
filter using aseptic techniques before filling into suitable sterile vials or ampoules and 
sealing. Alternatively, if solution stability is adequate, the solution in its sealed 
containers may be sterilised by autoclaving. Advantageously additives such as buffering, 

1 0 solubilising, stabilising, preservative or bactericidal, suspending or emulsifying agents 
and/or local anaesthetic agents may be dissolved in the vehicle. 

Dry powders which are dissolved or suspended in a suitable vehicle prior to use 
may be prepared by filling pre-sterilised drug substance and other ingredients into a sterile 
container using aseptic technique in a sterile area. Alternatively the drug and other 

1 5 ingredients may be dissolved in an aqueous vehicle, the solution is sterilised by filtration 
and distributed into suitable containers using aseptic technique in a sterile area. The 
product is then freeze dried and the containers are sealed aseptically. 

Parenteral suspensions, suitable for intramuscular, subcutaneous or intradermal 
injection, are prepared in substantially the same manner, except that the sterile compound 

20 is suspended in the sterile vehicle, instead of being dissolved and sterilisation cannot be 
accomplished by filtration. The compound may be isolated in a sterile state or 
alternatively it may be sterilised after isolation, e.g. by gamma irradiation. 
Advantageously, a suspending agent for example polyvinylpyrrolidone is included in the 
composition to facilitate uniform distribution of the compound. 

25 Compositions suitable for administration via the respiratory tract include aerosols, 

nebulisable solutions or microfine powders for insufflation. In the latter case, particle 
size of less than 50 microns, especially less than 10 microns, is preferred. Such 
compositions may be made up in a conventional manner and employed in conjunction 
with conventional administration devices. 

30 In a further aspect there is provided a method of treating a condition or disease 

which is susceptible of treatment with a nucleic acid in a mammal e.g. a human which 
comprises administering to the sufferer an effective, non-toxic amount of a compound of 
the invention. A condition or disease which is susceptible of treatment with a nucleic 
acid may be for example a condition or disease which may be treated by or requiring gene 

35 therapy. 

The invention further provides a compound of the invention for use as an active 
therapeutic substance, in particular for use in treating a condition or disease which is 

-3- 
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susceptible of treatment with a nucleic acid eg a condition or disease requiring or 
treatable by gene therapy. 

The invention also provides the use of a compound of the invention in the 
manufacture of a medicament for treating a condition or disease which is susceptible of 
5 treatment with a nucleic acid eg a condition or disease requiring or treatable by gene 
therapy. 

In a farther aspect the invention also provides the use of a conjugate according to 
the present invention for the manufacture of a medicament for transporting nucleic acids 
to the central nervous system. 

10 The invention also provides a therapeutic delivery system comprising a neurotoxin 

or a fragment thereof and a nucleic acid. 

No unexpected toxicological effects are expected when compounds of the 
invention are administered in accordance with the present invention. 
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CLAIMS 

1 . Use of a neurotoxin or a fragment thereof to transport a nucleic acid into 
the nervous system. 

5 

2. Use according to claim 1 wherein the nucleic acid exerts a therapeutic 

effect. 

3. Use accoding to claim 1 or claim 2 wherein the neurotoxin is selected from 
1 0 a bacterial or snake toxin or a fragment thereof 

4. Use acording to any of claims 1 to 3 wherein the neurotoxin fragment is a 
non-toxic binding fragment. 

15 5. A conjugate comprising a neurotoxin or a fragment thereof and a nucleic 

acid. 

6. A conjugate according to claim 5 wherein the neurotoxin is selected from a 
bacterial or snake toxin or a fragment thereof. 

20 



7. A conjugate according to claim 5 or 6 wherein the neurotoxin fragment is 
obtained by proteolytic cleavage. 

25 8. A conjugate according to claim 5 or 6 wherein the neurotoxin fragment is 

obtained by a recombinant method. 

9. A conjugate according to any of claims 5 to 8 wherein the nucleic acid is a 
single or double stranded DNA or RNA molecule. 

30 

1 0. A conjugate according to claim 9 wherein the nucleic acid encodes a whole 

gene. 

11. A conjugate according to claim 9 wherein the nucleic acid encodes a cDNA. 

35 

12. A conjugate according to any of claims 5 to 1 1 wherein conjugation is 
effected by a chemical linker. 
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13. A conjugate according to any of claims 5 to 1 1 wherein conjugation is 
effected by a covalent linker. 

5 14. A pharmaceutical composition comprising a conjugate according to any of 

claims 5 to 13 and a pharmaceutical^ acceptable carrier therefor. 

15. A conjugate of the invention for use as an active therapeutic substance. 

10 16. A method of treating a condition or disease which is susceptible of 

treatment with a nucleic acid in a mammal which method comprises administering to the 
sufferer an effective, non-toxic amount of a conjugate according to the invention. 

17. Use of a conj ugate according to the invention in the manufacture of a 

1 5 medicament for treating a a condition or disease which is susceptible of treatment with a 
nucleic acid. 

1 8. Use of a conjugate according to the invention in the manufacture of a 
medicament for transporting a nucleic acid to the central nervous system. 



20 



1 9. A therapeutic delivery system comprising a neurotoxin or a fragment thereof 
and a nucleic acid. 
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